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Abstract 
The scheduling problem of urban bus crew is an important part of the intelligent dispatching system in public transit. 
This paper considers impartiality constraint which is on the basis of assurance to meet the time shift of trips and work 
intensity for the crew, and establishes a crew scheduling model with the objective of minimizing the total idle time. A 
heuristic procedure using tabu search algorithm is also presented. A new heuristic algorithm with meeting the time 
shift of trips and work intensity constraints is designed to generate the initial solution and a neighborhood search 
method with trips exchange and insert strategy based on the ordered sequence is presented. The result shows that the 
method proposed in this paper can effectively overcome the disadvantage which the total working time of a day for 
the crew vary significantly, it can thus serve as a useful tool for public transit management department with more 
reasonable and pertinent assistant decision support. 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of Beijing Jiaotong 
University (BJU) and Systems Engineering Society of China (SESC). 
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1. Introduction 
Given the timetable of an urban transit line during one day, the scheduling problem of bus crew 
consists in finding a set of trips which covers the bus schedule so as to utilize the manpower resources 
effectively and satisfy a set of constraints laid down by the company labour regulations. A number of 
local labour regulations, such as the maximum number of work hours in a day, the longest work time 
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from signing in to signing out corresponding the duty type, and the mandatory dinner and rest periods 
with given time and location, vary with the different company. However, even if these regulations can be 
carried out, there may be a part of crew with longer work hours and some with shorter work hours. The 
unfair phenomena will affect the work enthusiasm of crew and thus reduce the work efficiency and 
quality of bus service. Therefore, it is necessary to study the scheduling problem of urban bus crew based 
on impartiality which making the crew scheduling plan more reasonable and practical. 
The urban bus crew scheduling has received much attention in the last decade. Simth and Wren(1988) 
introduce an crew scheduling problem formulation based on set covering problem, solved by using 
integer linear programming. The elements covered are duty pieces and the covering process uses slack 
and surplus variables. The approach presented by Desrochers and Soumis (1989) uses column generation 
solution procedure. Clement and Wren (1995) introduce a solution for the crew scheduling problem using 
a genetic algorithm and several greedy algorithms are used for assigning duties to pieces of work. Beasley 
and Cao (1996) establish a 0-1 integer programming model, and a lagrangean-relaxation method provides 
a lower-bound solution and a tree-search algorithm is used to obtain the final optimum. Lourenco et 
al.(2001) bring a muti-objective crew scheduling model, which is tackled using a tabu search technique, 
meta-heuristics and genetic algorithms. Huisman et al.(2005) present an integrated approach to solve a 
vehicle scheduling problem and a crew scheduling problem on a single bus route. Ceder (2007) uses a 
deficit function properties to construct vehicle chains, and splits and recombines vehicle blocks into legal 
duties, and uses a shortest-path and matching algorithm for solving the problem. Wang and Shen (2006) 
present an improved crew scheduling model for multiple transit lines with the objective of minimizing the 
deadhead and an ant colony algorithm is proposed to solve the problem. Shen and Ni (2008) establish the 
crew scheduling model with minimizing the number and cost of duty, and design the multi-
neighbourhood structure. The crew scheduling model is abstracted by Yang et al. (2010) as an 
optimization problem for minimum of a nonlinear constraint function and a genetic algorithm is used to 
solve the problem. Most of the studies mentioned above defined the crew scheduling problem as set 
covering problem or set partitioning problem. The considered constraints mostly were focused on the 
crew work hours, longest duty time, and rest time, while ignoring the factor on impartiality of the crew 
work hours. 
This paper is organized as follows. An optimization model with minimizing the total idle time for the 
crew is built for the crew scheduling problem in section 2. In section 3, a tabu search algorithm is 
designed and a heuristic algorithm with meeting the time shift of trips and work intensity constraints is 
presented to generate the initial solution and a neighbourhood search method with trips exchange and 
insert strategy based on the ordered sequence is proposed.  In section4, a numerical example is provided 
to illustrate the application of the model and algorithm. The last section highlights the conclusions and 
suggests future research directions.  
2. Urban bus crew scheduling model 
The scheduling problem of urban bus crew in this study is to arrange the work plan for the crew in a 
single bus line. The work plan for each crew includes a series trips. The two adjacent trips should satisfy 
the time shift constraint and all the crew should satisfy the work intensity and impartiality constraint. 
Usually, the objective is to quest reasonable work plan with maximizing the efficiency of crew. In order 
to describe the model, the assumptions are taken as follows. 
(1) The type of urban bus line is a ring one, which means that the starting station and terminal are the 
same bus station. 
(2) The departure and arrival time of all trips are determined, and trips have been numbered in 
ascending departure time order, shown in Fig. 1. 
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Fig. 1. Bus trips diagram  
(3) The number of crew is large enough to meet the demand for bus trips, and a crew should be 
restricted to work in the same vehicle during the bus operating time. 
(4) The type of duty is a single mode. The time of signing in and out can be chosen flexibly with the 
work plan. 
2.1 Definitions and notations  
The following notations are used in describing the proposed model: 
n is the number of trips provided by timetables in a day; m is the number of crew available in a day; i
is the index of the trip; k is the index of the crew; id  represents the departure time of trip i; ia  denotes the 
arrival time of trip i; T0 is the least layover time at the starting station for each crew; T1 is the maximum 
number of work hours for each crew; T2 is the maximum value of work hours between two different crew; 
k
ix is the decision variable which indicates whether trip i is carried out by crew k . kix  takes two values: 
1 kix , if trip i is carried out by crew k; 0 kix , otherwise. A binary zero-one variable kijy  is used to 
represent the status of trip i and trip j carried out by crew k. k
ijy  takes two values: 1 kijy , if trip j is the next 
trip after trip i is carried out by crew k; 0 kijy ,otherwise.  
2.2 Objective function 
The optimization objective of bus crew scheduling is to maximize the utilization of all crew, and 
consequently lower the operating cost. In order to make crew more efficient, the objective function can be 
expressed by minimizing the total idle time of crew. As to crew k, the idle time between two adjacent 
trips i and j can be calculated by )( ijkij ady  . Such consideration will result in an optimization formulation 
as follows: 
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2.3 Constraints 
(1) Each trip will be carried out by exactly one crew. Therefore, we have 
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(2) The relationship between variable kijy  and decision variable kix  can be formulated by the following 
equation.  
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(3) The adjacent two trips carried by the same crew should meet time shift constraint, which means the 
difference between departure time of latter trip and arrival time of former trip should not be less than the 
minimum layover time 0T . Therefore, we have 
0Taxdx ikijkj t , k                                                (4) 
(4) The crew should satisfy work intensity constraint, which means the total work time of each crew 
does not exceed the maximum number of work hours 1T , becomes 
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(5) In order to express impartiality constraint, the difference between the maximal work time and 
minimal work time should not exceed the specified value 2T . We can introduce a parameter 
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3. Algorithm design 
Tabu search algorithm uses a neighbourhood search procedure to iteratively move from one potential 
solution to an improved solution, until some stopping criterion has been satisfied. The tabu search is a 
meta-heuristic local search algorithm that can be used for solving combinatorial optimization problems. 
The scheduling model of urban bus crew in the paper is a complex zero-one programming problem, 
which can use tabu search algorithm easily. The main parameters of algorithm are designed as follows.  
3.1 Expression of solution 
The solution of crew scheduling problem can use two-dimensional integer array encoding, in which 
rows are the crew and columns are the trips. The trips are numbered in ascending departure time order. 
Assume that there are ten trips carried out by three crew. The trip chains of each crew are: crew 1:1-5-7, 
crew 2: 2-4-9, crew 3:3-6-8-10, the expression of solution can be shown in Fig. 2.  
1 5 7
2 4 9
3 6 8 10
Trips
Crew
1
3
2
Fig. 2.  The expression of solution    
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122  x 1
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133  x 1
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10  x1
3
8  x1
3
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11 5,1  y 1
1
7,5  y
12 4,2  y 1
2
9,4  y
13 6,3  y 1
3
8,6  y 1
3
10,8  y
Fig. 3. Decoding diagram  
Based on the value of two-dimensional array, the decoding process is the inverse of encoding process. 
Take the data of Fig. 2 as example, the number of trips carried out by crew 1 are 1, 5, and 7, thus the 
variable 111  x , 1
1
5  x , 117  x ,and the variable 11 5,1  y , 11 7,5  y . The decoding method of other crew is 
similar with the former method.  The decoding results are shown in Fig. 3.    
3.2 Generation of initial solution 
The initial solution is the starting point of algorithmic search. A superior quality of the initial solution 
will enable algorithm quickly converge to the optimal solution. In the process of generating the initial 
solution, the paper considers the time shift of trips and work intensity of crew constraints. The procedure 
of the algorithm can be taken as follows: 
Step 1: Initialization. The trips set carried out by crew k  kP , k .  Let 1 i , 1 k , 00 Ta  ,
00 Td  .
Step 2: Calculate the largest trip number 0i . 00  i , if  kP ; otherwise, }|max{0 kPssi  .
Step 3: Verify the trips time shift constraint. If 00 Tad ii t , go to Step 4; otherwise, let 1m kk , go 
to Step 5. 
Step 4:  Verify the work intensity of crew constraint. Calculate the total work time of crew k ,
ii
i
s
ss
k
sk dadaxZ  ¦
 
0
0
)( , If 1TZk d ,go to Step 6; otherwise, let 1m kk ,go to Step 5.  
Step 5: If mk  , go to Step 2˗otherwise, go to Step 6. 
Step 6: Let }{iPP kk  , 1m ii ,  go to Step 7. 
Step 7: If ni ! , stop and output the results; otherwise, let 1 k , go to Step 2. 
3.3 Neighbourhood structure 
The neighbourhood structure uses trips exchange and insert strategy between different crew. Trips 
exchange strategy, that is, one trip from crew 1 will be exchanged with one trip from crew 2, and two new 
trip chains of crew will reincarnation. For example, trip 5 of crew 1 (1-5-7) is exchanged with trip 4 of 
crew 2 (2-4-9), new solutions can be gained. The trip chain of crew 1 has become 1-4-7 and the trip chain 
of crew 2 has become  2-5-9, shown in Fig. 4. 
Trips insert strategy, that is, one trip from crew 1 will be inserted into the trip chain of crew 2, and the 
location of insert depends on the ascending departure time order of the trip chains of crew 2, two new trip 
chains of crew will reincarnation. For example, trip 5 of crew 1 (1-5-7) is inserted into the trip chain of 
crew 2 (2-4-9), new solutions can be gained. The trip chain of crew 1 has become 1-7 and the trip chain of 
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crew 2 has become 2-4-5-9, shown in Fig. 5. The trips exchange or insert operation can not be carried out, 
if the trip chain of crew can not satisfy the time shift and work intensity constraints with any of the 
operation. 
1 5 7
2 4 9
3 6 8 10
Exchange
1 4 7
2 5 9
3 6 8 10
1
3
2
1
3
2Crew Crew
Initial solution New solution
Trips Trips
Fig. 4.  Trips exchange strategy 
Fig. 5. Trips insert strategy 
3.4 Evaluation of solution 
In order to search for better solutions in the algorithm iterative process, it is necessary to evaluate the 
solution. It should be calculated the value of objective function and considered the constraints at the same 
time. Because the initial solution has satisfied time shift and work intensity constraints, and the new 
solution generated in neighbourhood search also meets the two constraints, the impartiality constraint is 
the only factor which needs to be considered. As for the solution which can not satisfy impartiality 
constraint, it should be punished. The fitness function can be formulated as follows. 
}0,||maxmax{ 2
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)( ,D is the punish factor, and the value takes a larger positive number.    
3.5 Other parameters 
The record of tabu table is the transform (exchange or insert) node and tabu length takes fixed length. 
Select the regulation based on the value of evaluation as aspiration criterion, that is, the solution of the 
objective can be free, if it is better than any of the currently-known best candidate solution. The stopping 
criterion uses objective control principle. If the best value does not change during the given numbers, the 
algorithm will stop the calculation. 
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4. Numerical example 
In a certain bus line, there are 168 trips in a day. The departure and arrival time of each trip can be 
obtained in Table 1.  The number of crew provided by bus company is 11. The least layover time at 
starting station for each crew is 3 minutes, the maximum number of work hours for each crew is 480 
minutes, and the maximum value of work hours between two different crew is 30 minutes. The parameter 
of tabu search algorithm is taken as follows:  tabu length is 6, punish factorD is 10000, and the 
continuous iteration which the solution is not improved is 50. The optimal solution can be calculated 
using VC++ program, shown in Table 2. The objective value of optimal solution is 3512 minutes. 
Table 1.  Departure and arrival time of trips   
TN DT AT TN DT AT TN DT AT TN DT AT TN DT AT 
01 6:30 6:52 35 9:48 10:20 69 12:51 13:22 103 16:10 16:36 137 18:55 19:25 
02 6:45 7:09 36 9:53 10:21 70 12:56 13:26 104 16:16 16:43 138 19:00 19:30 
03 6:58 7:23 37 10:00 10:27 71 13:02 13:31 105 16:21 16:49 139 19:04 19:35 
04 7:10 7:36 38 10:07 10:33 72 13:08 13:37 106 16:27 16:54 140 19:08 19:35 
05 7:20 7:46 39 10:13 10:40 73 13:13 13:38 107 16:32 16:57 141 19:13 19:42 
06 7:25 7:52 40 10:18 10:43 74 13:19 13:46 108 16:38 17:03 142 19:17 19:45 
07 7:31 8:01 41 10:23 10:47 75 13:26 13:53 109 16:42 17:09 143 19:21 19:50 
08 7:38 8:08 42 10:29 10:55 76 13:33 13:59 110 16:48 17:16 144 19:25 19:55 
09 7:44 8:15 43 10:34 11:00 77 13:40 14:05 111 16:53 17:21 145 19:29 20:00 
10 7:48 8:18 44 10:40 11:07 78 13:48 14:12 112 16:59 17:29 146 19:35 20:03 
11 7:53 8:26 45 10:44 11:09 79 13:55 14:28 113 17:07 17:34 147 19:39 20:06 
12 7:58 8:26 46 10:49 11:15 80 14:02 14:32 114 17:14 17:40 148 19:44 20:12 
13 8:03 8:37 47 10:53 11:22 81 14:08 14:37 115 17:20 17:50 149 19:48 20:15 
14 8:08 8:39 48 10:58 11:28 82 14:13 14:45 116 17:25 17:57 150 19:53 20:18 
15 8:12 8:45 49 11:03 11:31 83 14:18 14:48 117 17:30 18:03 151 20:00 20:25 
16 8:17 8:47 50 11:09 11:36 84 14:23 14:45 118 17:35 18:05 152 20:05 20:31 
17 8:22 8:51 51 11:15 11:41 85 14:29 14:56 119 17:39 18:10 153 20:11 20:36 
18 8:26 8:59 52 11:22 11:53 86 14:34 14:58 120 17:43 18:15 154 20:17 20:44 
19 8:30 9:05 53 11:29 12:02 87 14:39 15:02 121 17:48 18:21 155 20:23 20:47 
20 8:34 9:07 54 11:35 12:10 88 14:43 15:11 122 17:51 18:25 156 20:30 20:53 
21 8:39 9:11 55 11:41 12:15 89 14:50 15:16 123 17:56 18:29 157 20:37 21:01 
22 8:45 9:16 56 11:46 12:19 90 14:56 15:20 124 18:00 18:33 158 20:43 21:09 
23 8:51 9:21 57 11:51 12:23 91 15:01 15:26 125 18:05 18:39 159 20:50 21:13 
24 8:57 9:26 58 11:56 12:26 92 15:08 15:36 126 18:09 18:44 160 20:57 21:19 
25 9:03 9:31 59 12:02 12:33 93 15:15 15:42 127 18:13 18:46 161 21:05 21:29 
26 9:09 9:40 60 12:06 12:38 94 15:21 15:49 128 18:17 18:49 162 21:13 21:38 
27 9:14 9:45 61 12:11 12:44 95 15:27 15:56 129 18:21 18:49 163 21:20 21:42 
28 9:18 9:48 62 12:16 12:48 96 15:32 16:02 130 18:25 18:52 164 21:27 21:51 
29 9:22 9:50 63 12:21 12:55 97 15:38 16:05 131 18:29 18:57 165 21:35 21:58 
30 9:26 9:59 64 12:27 13:00 98 15:42 16:09 132 18:34 19:01 166 21:43 22:07 
31 9:30 10:05 65 12:33 13:05 99 15:49 16:15 133 18:39 19:06 167 21:50 22:13 
32 9:34 10:11 66 12:38 13:15 100 15:53 16:21 134 18:43 19:09 168 22:00 22:23 
33 9:38 10:08 67 12:42 13:14 101 15:59 16:26 135 18:47 19:16    
34 9:41 10:09 68 12:46 13:16 102 16:05 16:31 136 18:51 19:20    
Notes: TN means trip number; DT means departure time, AT means arrival time. 

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Table 2.  The optimal results of crew scheduling 
Number of crew Trips 
Total work time 
(min) 
01 1-3-7-14-24-31-43-53-60-67-77-81-89-97-103 436 
02 2-5-13-28-38-44-54-65-74-79-88-120-129-140-147 436 
03 4-9-17-33-40-50-62-69-78-87-94-102-111-119-127-136 453 
04 6-12-20-32-42-63-71-82-106-122-132-142-149-155-159 436 
05 8-15-26-36-46-57-70-86-93-99-108-116-125-135-143 436 
06 10-18-25-34-39-48-58-73-90-110-128-144-151-156-163-167 438 
07 11-19-27-41-52-59-66-76-80-96-107-113-121-131-138 451 
08 16-23-30-45-61-95-101-109-115-124-134-141-150-157-164-168 448 
09 21-35-49-64-72-83-91-100-114-123-133-146-153-161-165 423 
10 22-29-37-47-55-68-84-104-112-118-130-139-148-154-160 423 
11 51-56-75-85-92-98-105-117-126-137-145-152-158-162-166 426 
Table 2 shows that the maximum number of work hours for each crew does not exceed 480 minutes 
and the average work time of crew is 436 minutes. The crew which number is 3 has the longest work time, 
with the value of 453 minutes, while the crew which number is 9 and 10 have the shortest work time, with 
the value of 423 minutes. The difference between longest work time and shortest work time is 30 minutes, 
which satisfy the impartiality constraint. 
5. Conclusions 
In this paper, the formulation of the scheduling model of urban bus crew in a single ring bus line has 
been given. The impartiality constraint is considered on the basis of assurance to meet the time shift of 
trips and work intensity for the crew and a tabu search algorithm is proposed to solve the model. The 
result shows that the method proposed in this paper can effectively overcome the disadvantage which the 
total working time of a day for the crew vary significantly, it can thus serve as a useful tool for public 
transit management department with more reasonable and pertinent assistant decision support. 
Furthermore, how to optimize the model with minimum number of crew required and minimum costs, 
and consider the duty factor of crew, are an important topic for further research. 
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